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Amendments to the Claims; 

This listing of claims will replace all prior versions, and listings, of claims in the application: 
Listing of Claims: 

1 . (Currently Amended) A method performed by a computer for filtering 
interference and noise of an asynchronous wireless signal comprising the steps of: 

receiving an asynchronous data vector including a spreading code; 

using the received asynchronous data vecto r, updating to update weight 
coefficients of an adaptive filter without prior knowledge of synchronization of synchronization 
of the spreading code; 

using the updated weight coefficients information to determine synchronization of 
the spreading code; and 

demodulating the output of the filter using the determined synchronization of the 
spreading code for obtaining a filtered data vector. 

2. (Currently Amended) The method of claim 1, further comprising the step of 
dividing the received asynchronous data vector represented by x[z] into two channels X\[i] and 
d\[i] using a transformation Tj on x[i], represented by Tix[i], wherein the transformed data 
vector x[i] does not contain information about a designated sender's spreading code s i, and d\[i] 
contains primarily only information about the spreading code s\ and residual data from 
correlation of S\ and x[i]. 

3. (Currently Amended) The method of claim 2, wherein the transformation Ti is 
defined by 

(16) 



T, = 
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where Bi is a blocking matrix whose rows are composed of any orthonormal basis 
set of the nullspace of the normalized signal vector Ui = s 1 / y js[s 1 M M T denotes matrix 
transpose, and where BiUi = BiSi = 0. (17) 

4. (Currently Amended) The method of claim 1, wherein the step of determining 
synchronization comprises the steps of: 

computing i , the time occurrence of the information data bit, from the equation; 

Re{T/[z]}| = max I Re{j/[i-fc]} I (30c), 

I Jte{0,l NS-l\ I ' I 

where y [i] = w [/] * x [/] is filtered output from a likelihood ratio test at clock time i 
detecting sequentially maximum of all likelihood tests in the set Y[i] given by 
Y[i] ={ |Re{ym}|,...,|Re{y[i-NS + 3]}|}, 

where N is number of chips in the spreading code and 4 S is number of samples per 
chip time , and W[iV is a tap-weights' vector . 

5. (Currently Amended) The method of claim 1, wherein the step of updating weight 
coefficients comprises the steps of: 

computing maximum likelihood estimator for covariance matrix R x [z] 

wherein, x {m) [i] is an observation vector at a sampling time zT s of the mth 
symbol, L is approximat e number of independent samples of the 
observation vector x (m) [/] for the initial acquisition of detector parameters, 
and the data is given in matrix form by 

X 0 [f]A [x (1) [z],..., x (L) [/]]; 
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computing estimate of [i] 



R „, [/] = B ,R X) [i]B = 1 B ,X 0 [i]X J [/]B \ 

Li 



1 t 

and estimate of cross-correlation vector t y mi as, r Xirfj =B 1 R x [/]s 1 = —B^t/pCJ/lS] 



computing Wcsc[/] = [iJR^ [/] (29); 

estimating \ = sgn^u^ -w^/lB^x^]) (35). wherein 

u l " w gsc M B i ( 30a ) is a wei § ht vector; and 

computing output y [i] = (u* - [i]B 1 )x[i ] . (30b). 

6. (Currently Amended) The method of claim 1, wherein the step of updating weight 
coefficients further comprises the steps of: 

applying X 0 [i] A [x (1) [z], x (L) [z]] , wherein L is number of independent 

samples of an observation vector x (m) [i] and S\ is a designated sender's spreading code; 
applying u x = ^ ; 

applying B a = I - u -u* .where B L is a blocking matrix whose rows are composed 



of any orthonormal basis set of the nullspace of the normalized signal vector Ui = s 1 /^slsi M 1 

denotes matrix transpose, and where BiUi = BiSi = 0. (17) ; 

for j = 1 to (Af- 1), computing d. and x- 

d)[i] A [^[i],..., d; i) [i]]=i;[i]X ; Ji], 

X ; -[i] A [x< 1} M, x< L) [f]] = B,.[i] X H [i] .where d Jz]^ulx[i]j sa 

signal-plus-noise scalar process and x ijil = Bi xrfl, is an (Af - 1) - dimensional process with the 
signal removed ; 
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computing (j +l)th stage basis vector u ;+1 [z] , 



Vrf.M = -iLxfWFliY = 7X ; .[i] d,[i] , where ^[i] is estimate of 



cross-correlation vector y x ihi , 



^ [i] 



computing 0' +l)th blocking matrix B ;+1 

B /+1 [z] =1- u j+1 [i]u) +l [i] ; 
computing dffli] and setting it equal to Mth error signal e^' [i] 

aLrn a [dffw, .... 5£>[f]] = elm = ixim x^m ; 



applying ^ M [f] = i£pSr>[f] 

^ m=l 



for 7 = (M-l) to 2, estimating variance of c/^ [i] 



estimating variance of error signal e . 

A ir 6 2 .[i] = a 2 d \i] - QWlM ; and 
computing yth scalar Wiener filter 

7. (Currently Amended) The method of claim 1, wherein the step of updating weight 
coefficients further comprises the steps of: 
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applying X 0 [/] A [x (1) [z], x (L) [/]] , wherein L is number of independent 
samples of an observation vector x (m) [i] and s x is a designated sender's spreading code; 

applying u x = and x 0 [i] = x[i] .where B v is a blocking matrix whose rows 

Pill 

are composed of any orthonormal basis set of the nullspace of the normalized signal vector Ui = 
s ! /V s i s i M T denotes matrix transpose, and where B1U1 = BiSi = 0, (17) ; 
for j = 1 to (M -1), computing &■ and x ; 
dj[i] = uj[i] x H [i] 

= Xj-Jf] - u ; .[i] dj[i] 
d)[i] A [^[f] ^[i1]=u;[f]X H [/], 

X y [/] A [xf\i], x< L) [i]] = X hl [i] - u f [i] d)[i] .where d^^nlxU] 

is a signal -plus-noise scalar process and X i U'l - B i xliL is an (N-D- 
dimensional process with the signal removed ; 
computing (/ +l)th stage basis vector u ; - +1 [f] , 

\ d = 7l>r = T X iW d ; [/] .where ^ m is estimate of 
cross-correlation vector r X Mi , 



rx. dl [i] 



= ,where ^ +1 M_e_ L d [i] 



computing dffli] and setting it equal to Mth error signal e^ 1) [i] 
d f M m 4 [d£>[i], , ^[f]] = e f M [*1 = u* M [i] X^li] ; 

applying <7 d 2 M [i] = jf\d^[i]\ 2 = f M [t], cb M [i] = ^WmW I 

^ m=l 
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and 



1 1 r 

for j - (M-l) to 2, estimating variance of dj[i] , & 2 d .[i] = — 2 ' 

' L m =i 

estimating variance of error signal e ■ , | ; [/] A (T e 2 [f] = <rj [/] - |^\[*]£ ; 2 + i[*] ; 



computing yth scalar Wiener filter by <y ; -[i], a)j[i] = -j— 

£ j 1 ^ J 



8. (Currently Amended) The method of claim 1, wherein the steps of updating 
weight coefficients and using the updated weight coefficients further comprises the steps of: 
for k - 1 to n, applying 

[/] = si, u^If ] = ^ , and S[ k) [i] = || Sl | , wherein x<*>M is the 

received asynchronous data vector, S\ is a designated sender's spreading 
code, and k is kth clock time, where A: =1 is the first time the data is 
observed ; 
for j =1 to (M -1), applying 

df ] [i] = uf\ifx%[i],md 

x ^[i] = x £>[z] - n {k) \i] d {k) \i] - .where d x \i\ = u\x\i] is a signal-plus- 
noise scalar process and Xj J/1 = Bi xlTL is an (TV - 1) - dimensional process with the signal 
removed ; 

computing (j +l)th stage basis vector xx {k + \[i] , 

W [i] =(l- ay^li] + x\ k) [i]d (k) [i] .where i. d \i] is estimate of 
cross-correlation vector r Y jdi , 
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r w Til 

u^f] = j|^ therein ^m^^.m 



r ; 



and a is a time 



constant; 

applying Mth error signal s'? [z] = Of = i^f]' x^.Ji] ; 
for j = M to 2, estimating variance of error signal e ( } k) [i] 

ifm = (^; } ) 2 if] = a - ^ir^'i + W [i f ; 

computing jth scalar Wiener filter 



= ; and 

computing (j -l)th error signal e'^ [i] 

tfi [i] = df\[i] - d>) k) [i] e\ k) [i] ; wherein output at time kth is 
y {k) [i]=e[»[i]. 

9. (Original) An adaptive near-far resistant receiver for an asynchronous wireless 
system comprising: 

means for receiving an asynchronous data vector including a spreading code; 

using the received asynchronous data vector, means for updating weight coefficients 
of an adaptive filter without prior knowledge of synchronization of the spreading code of the 
data vector; 

using the updated weight coefficients, means for determining synchronization of the 
spreading code; and 

means for demodulating the output of the filter using the determined synchronization 
of the spreading code for obtaining a filtered data vector. 



-8- 



Appln No. 09/883,835 

Amdt date March 23, 2005 

Reply to Office action of January 3, 2005 

10. (Currently Amended) The receiver of claim 9, further comprising means for 
dividing the received asynchronous data vector represented by x[i] into two channels x\[i] and 
d\[i\ using a transformation Ti on x[i], represented by Tix[/], wherein the transformed data 
vector x[i] does not contain information about a designated sender's spreading code s\ t and d\[i] 
contains primarily only information about the spreading code s\ and residual data from 
correlation of s\ and x[/]. 

11. (Currently Amended) The receiver of claim 10, wherein the transformation Ti is 
defined by 

r " f1 (16) 



Ti = 



where B\ is a blocking matrix whose rows are composed of any orthonormal basis 



set of the nullspace of the normalized signal vector Ui = s l /^]s\s 1 , r.l T denotes 
matrix transpose, and where BiUi = BiSi = 0. (17) 

12. (Currently Amended) The receiver of claim 9, wherein the means for determining 
the synchronization of the spreading code comprises: 

means for computing i , the time occurrence of the information data bit, from the 

equation; 

Re{y[z]}| = max | Re{y [/-*:]} I (30c), 

where y [i] = w [/] f x [/] is filtered output from a likelihood ratio test at clock 
time / detecting sequentially maximum of all likelihood ratio tests in the set Y[i] given 
by Y[i] = { | Re{y[f]} |,...,|Re{y[i-NS + 2]} | }, where N is number of chips in the 

spreading code and S is number of samples per chip time .and WfiV is a tap-weights' 
vector. 



-9- 



Appln No. 09/883,835 

Amdt date March 23, 2005 

Reply to Office action of January 3, 2005 



13. (Currently Amended) The receiver of claim 9, wherein the means for using the 
received asynchronous data vector, to update weight coefficients further comprises: 

means for applying X 0 [i] A [x (1) [z] , . .., x (L) [/] ] , wherein L is number of 
independent samples of an observation vector x <m) [i] and s\ is a designated sender's spreading 
code; 

means for applying u 1 = ; 

Pill 

means for applying B : = I - u -u ■ , where B ] is a blocking matrix whose rows are 
composed of any orthonormal basis set of the nullspace of the normalized signal vector Ui = 
s ! /yjs\s l M T denotes matrix transpose, and where B1U1 = B1S1 = 0. (17) ; 

for j = 1 to (M- 1), means for computing d j and x ; 

d)[i] A [^[i],..., df ) [i]]=u)[i]X j _ 1 [i], 

A [xf\i] 9 xf ] [i]] = B } [i] X hl [i] .where Jz] jLulx[/]j sa 

signal-plus-noise scalar process and X \ \i] - B i _xft'L is an (TV- 1) - dimensional process with the 
signal removed ; 

means for computing (j +l)th stage basis vector u ;+1 [/]., 

\ d U] = 7Ex ( ; m) [z]4 m) [zT = f X,.[i] dfi h where \. d .[i\ is estimate of 
cross-correlation vector r Y idi , 





Ml 















. where S jn \i] = 



" r x.rf,[ z ']h 



means for computing (j +l)th blocking matrix B - +1 
B ;+I m =1" ix j+1 [i]u) +1 [i] ; 
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means for computing dffli] and set it equal to Mth error signal e ( ,T ) \i] 

dim a d^[i]] = elm = ikm w*i ; 

means for applying ^[t] = -^dffli] 2 = ^mM = ^mW^W; 

for j = (Af-1) to 2, means for estimating variance of d f [i] 

^ m=l 

means for estimate variance of error signal e ; 

l,M A ^[i] = <5* [i] - ^[f^Jf] ; and 
means for computing yth scalar Wiener filter a)j[i] 

co\i] = Jll . 
; £,■[/] 

14. (Currently Amended) The receiver of claim 9, wherein the means for using the 
received asynchronous data vector, to update weight coefficients further comprises: 

means for applying X 0 [i] A [x (1) [z], x (L) [z]] ,wherein L is number of 
independent samples of an observation vector x (m) [i] andsi is a designated sender's spreading 
code; 

means for applying u a = ^ and x 0 [z] = x[z] , where B i ^ is a blocking matrix 
whose rows are composed of any orthonormal basis set of the nullspace of the normalized signal 



vector u i _ = s x /^js[s x M T denotes matrix transpose, and where BiUi = B1S1 = 0.(17) ; 
for j = 1 to (M -1), means for computing d j and x ; 
dj[i] = u)[i] x hl [i] 
x ; -[i] = x ._Ji] - Uj[i] dj[i] 
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d)[i] A [df[i],...,d^[i]]=u)[i]X hl [i], 

X ; [f] A [xf[i], ..... x< L) [i]] = X._Ji] - Uj[i] d)[i] ,where d^i] = _u\y\i] 

is a signal-plus-noise scalar process and Xjjfl = Bjx|71, is an (iV - 1) - 
dimensional process with the signal removed ; 
means for computing (j +l)th stage basis vector u /+1 [i] , 

VJ''] = [i]d; m) M* = 7 X ,M d /W ,where j;. rf .[i] is estimate of 

cross-correlation vector r X Mi , 



,where <f j+1 [i]^. r x . d .[i] 



means for computing ^[i] and set it equal to Mth error signal gff* [i] 

dLm a [dffi/], , as>[i]] = elm = u*ji] x^m : 



means 



for applying a] u \i] = jiffi^ 2 = <Ltt, <M = ^I^W: 

^ m=l 

for ; = (M-l) to 2, means for estimating variance of dj[i] , <5£[i] = — ^ dy m) [i] 



means for estimating variance of error signal e ; , A <7g [i] = 



^m^miand 



means for computing y'th scalar Wiener filter by (O^i], co^i] = -j— . 

£ j L ^ J 
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15. (Currently Amended) The receiver of claim 9, wherein the means for using the 
received asynchronous data and updates weight coefficients further comprises: 
for k - 1 to n, means for applying 

i$ 0 [i] = Si. = ^ , and S[ k) [i] = | Sl |, wherein x ( Q k) [i] is the 

received asynchronous data vector, s\ is a designated sender's spreading 
code, and k is Ath clock time, where k =1 is the first time the data is 
observed ; 
for j =1 to (M -1), means for applying 

d)%] = u ( } k) [i]* x£[i],and 

x ( /°[z] = x™[i] - u\ k) [i] df ] [i] ,where rfjil = u[x\i] is a signal-plus- 
noise scalar process and xjjil - BjxF/L is an (N- 1) - dimensional process with the signal 
removed ; 

means for computing (j stage basis vector u^+Ji] , 

^> [/] =(1 - d)l£ k £\i] +x\ k) [t]df ) [i] .where j^fil is estimate of 
cross-correlation vector y x ui , 





















ma] 


, wherein Sf + \[i] = 


if] [z']|| and a is a time 



constant; 

means for applying [/] = d™[i]' = ^[i]' x^.Ji] ; 

for j = M to 2, means for estimating variance of error signal [i] 

ifli] = (S^) 2 [/] = (1 - a)i] k -%] + |e<» [if ; 
means for computing jth scalar Wiener filter cbf^i] 
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<«!"[<] = J^; and 

means for computing (j — l)th error signal [i] 
efl [i] = dflli] - d}f ] [i] e\ k) [i] ; wherein output at time Ath is y {k) [i] = [z]. 

16. (Currently Amended) The receiver of claim 9, wherein the means for using the 
received asynchronous data vector, to update weight coefficients further comprises: 

means for computing maximum likelihood estimator for covariance matrix R x [z] 

L 



L m=l L 



wherein, x (m) [z] is an observation vector at a sampling time zT s of the mth 
symbol, L is the number of independent samples of the observation vector 
x (m) [z] for the initial acquisition of detector parameters, and the data is 
given in matrix form by 

X 0 [f]A [x (1) [z],..., x (L) [z]]; 

means for computing estimate of R x [i] 

R Xi [/]= B.R^ [i]Bl =^B l X 0 [i}X[[i}B\ 

1 t 

and estimate of cross-correlation vector t y mi as, r x rf =B 1 R x [/]s 1 = — B,X 0 [i]X 0 [/]Sj 

L 

means for computing w^tz] = r* idi [i'IR^ [i] (29); 

means for estimating b x = sgn((u* -w^Iz'lBjxfz]) (35) , wherein 

u i ~ w gsc I z l B i (30a) is a weight vector; and 

means for computing output y[i] = (u* - wJ ;sc [f]B 1 )x[i]. (30b). 
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17. (Original) A digital signal processor having stored thereon a set of instructions 
including instructions for filtering interference and noise of an asynchronous wireless signal, 
when executed, the instructions cause the digital signal processor to perform the steps of: 

receiving an asynchronous data vector including a spreading code; 

using the received asynchronous data vector, updating weight coefficients of an 
adaptive filter without prior knowledge of synchronization of the spreading code of the data 
vector; 

using the updated weight coefficients information data bits to determine the 
synchronization of the spreading code of the data vector; and 

demodulating the output of the filter using the determined synchronization of the 
spreading code of the data vector for obtaining a filtered data vector. 

18. (Currently Amended) The digital signal processor of claim 17, further comprising 
instructions for dividing the received asynchronous data vector represented by x[i] into two 
channels X\[i] and d\[i] using a transformation Tj on x[/], represented by Tix[/], wherein the 
transformed data vector x[/] does not contain information about a designated sender's spreading 
code s\ t and d\[i] contains primarily only information about the spreading code S\ and residual 
data from correlation of S\ and x[/]. 

19. (Currently Amended) The digital signal processor of claim 18, wherein the 
transformation Ti is defined by 

b';] • (16) 

where Bi is a blocking matrix whose rows are composed of any orthonormal basis 
set of the nullspace of the normalized signal vector Ui = s x /Vs*s7 , M T denotes matrix transpose, 
and where BiUi = BiSi = 0. (17) 



T, = 
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20. (Currently Amended) The digital signal processor of claim 17, wherein the 
instructions for determining synchronization comprises instructions for: 

computing i , the time occurrence of the information data bit, from the equation; 

Re{y [i]) = max I Re{y [i - k]} I (30c), 

J Jte{0,l,...,NS-2| 1 1 

where y [i] = w [/] 1 x [i] is filtered output from a likelihood test at clock time / detecting 
sequentially maximum of all likelihood tests in the set Y[i] given by 
Y[i] = { | Re{y [i]} |, . . . , | Re{y [i - NS + 1]} \ } , where N is number of chips in the spreading 
code and S is number of samples per chip time ,and WfiV is a tap-weights' vector . 

21. (Original) An adaptive receiver for filtering interference and noise of an 
asynchronous wireless signal comprising: 

means for receiving an asynchronous data vector including information data bits; 

means for updating weight coefficients of an adaptive filter without a prior 
knowledge of synchronization of the information data bits; 

using the updated weight coefficient, means for determining the start of the 
information data bits; and 

means for demodulating the output of the adaptive filter. 



22. (Original) The adaptive receiver of claim 21, further comprising means for 
dividing the data vector represented by x[i] into two channels xi[/] and d\[i] using a 
transformation Ti on x[/], represented by Tix[i], wherein the transformed data vector x[i] does 
not contain information about a designated sender's spreading code s\ t and <ii[f| contains 
primarily only information about the spreading code s\ and residual data from correlation of s\ 
and x[/]. 
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23. (Currently Amended) The adaptive receiver of claim 22, wherein the 
transformation Ti is defined by 



T, = 



(16) 



where Bi is a blocking matrix whose rows are composed of any orthonormal basis 
set of the nullspace of the normalized signal vector ui = s l /^s\s l , H T denotes 
matrix transpose, and where BtUi = BiSi = 0. (17) 

24. (Currently Amended) The adaptive receiver of claim 21, wherein the means for 
determining the start of the information data bits comprises means for: 

computing i , the time occurrence of the information data bit, from the equation; 

Re{y [i]} = max I Re{y [i - k]} I (30c), 

where y [i] = w [/] ' x [/] is filtered output from a likelihood ratio test at clock 
time i detecting sequentially maximum of all likelihood ratio tests in the set Y[i] 
given by 

Y[i\ - { |Re{y[/]} |,...,| Re{y[i-NS + 2]} | }, where N is number of chips in the 

spreading code and S is number of samples per chip time ,and WfiV is a tap- 
weights' vector . 

25. (Currently Amended) The adaptive receiver of claim 21, wherein the means for 
determining the start of the information data bits comprises: 

for k = 1 to n, means for applying 

i^Jz] = si, uj fc) M = 1[ |i T , and S[ k) [i] = | Sl | , wherein x^[z] is the 
received asynchronous data vector, s\ is a designated sender's spreading 
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code, and k is kth clock time, where k =1 is the first time the data is 
observed ; 
for j =1 to (M -1), means for applying 

x ( j k) [i] = x£>[i] - u^fz] df ] [i] .where rfjzl = ujxffl is a signal-plus- 
noise scalar process and x _i J71 = Bjx[71 is an (N- D- dimensional process 
with the signal removed ; 
means for computing (j +l)th stage basis vector u^Jz] , 

^ [i] = (1 - a)^[i] +xf[i]df[i\ .where h d \i] is estimate of 
cross-correlation vector r r idi , 



























.wherein <5$[z']_b. 


'<],[-•] 


and a is a time 



constant; 

means for applying Mth error signal e$[i] = dffli]* = uji'li]' x^.Jz] ; 
for j = Mto 2, means for estimating variance of error signal [i] 

2 [i] =(l-or)|f- 1) [f] + f^uf ; 
means for computing yY/i scalar Wiener filter ^^[z] 



means for computing (/ -l)th error signal [/'] 
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[i] = dfl[i] - cb] k) [i] €\ k) [i] ; wherein output at time fcth is y {k) [i] = 
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